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• "Belli.; h~rt" &pplie! bu.~ baton "'.Tket ,harc.i and. prom:.. PTcntll.w.u.ry 1f'; '"'" (1 - 1,1) rir l1li

loug _ b.c:kbone i rCNliu on its raw:ti.osa t::l.In-*, _0 thClt tn. C1I8I'll1tiol'l or th~ ClGpactie:s ql iaet-d
suRiCllll5 to dec.ermi"lllwbctber profits incrawe OC' d~1I:l with ~M quality or intercrUIDCCtioA (hi
other -rd., 9l - 'It( ("j' ') 81Immar~CIL'Iboth the c1irw:t impN:'. or 0 and the Imp:w:t of ~ c:h.Dp
In tho ri..,.I's qU&l'Ittty).

demand far their &erVices &Ud, by. the same token, their profitability. The seeena
tenn, which stems £ram the ciiiference in installed ba.seI, also i.ncrease:s fer the
muul backbone but det::rea6u fer the big onc with the qUAlity of mtereo!:I..Uec:ticn.
This tenn illustrate! the stnJ:c:gic impact of Po degradation aI interconnection qual­
ity. Althou,h the demands lor both backbones dCC%'!!&5e wbeD thia qu.ality coes
down, the smaller baclc:bone is mere aEectP.d. Hence, by degrading the intercon­
nection q:uoality, the hiccr 'backbone can "disr:oumge" its rival from attractmg
ne.... custcmu:rs, thereby inc:reMing its own ~sidua.l dc=and.

One t)),en-lore has
mrj t31rj

'a(J<a(J1
the higger ba.dcboftt: ha.s le.s.s ineen.tivt:& tha.71. if., riva.l ttJ TnU:iTl./.l1in a high quality of
inl~onn8Cti"f\.

The stre.tegic c::ffect of degrading the quality of mtcrcc:Dnection is illustnLted.
by FiFe la, which~ts the t".1:1 b-.ckhon&q' reaction curves (the horizontal
axis correaponds to IlJ and the -vertical axis t~ q2, and the steeper curves are the
dominant backbone's reaction c:u:rws, ql - It l (i2» far pllrlicular valu.es of the
puametus, respecti"t!lly far (J = 1 (sulid lines) ILnd (J = 1/2 (dashed lines). In the
ab-=cc: of strategic interacf:ion (that is, la:epmg the rival's r=a.pacity c:onstant),
each ba.c1cbcme suf&:rs from 2\. de:r-datinn of the quality of interconnection: beth
ruc:lu,n eurves mQ\re "d.ownwards" when 9 decreases).4 But this nEg&tive impact
is a.symmetric: it is sma.l.l.c:r for the bi::orer backbone (R, (.) moves less than.R, (.),
so tha.~ the «IuUibrium point (the intersection between the t:wo reaction c:urYeil)
lnQV8S ....~y fram (and belew) the 45° line; the dominant ba.ckbone', ca.pacity is
thus less l:l.iIected than its rival's one (iu this c:amplft, it is almost not cdfected.
when B decreases from 1 to 1/2), "hit:h in turn i=plies tha.t the bigger backbone
has less incC!1tives to maintain the qu&.lily of int~CDnnec:tion. It. ma.y even be the
case tha.t the dcmrinant b&ckbone bent,fits from tht'; degre.da.tica.n of the interface:
in thi.:s c=tample, the d.ominant backbone: ends up attractiu: more customers 9t"hd:l
e - 0 than "'hen 8 = I, whereas. the sma.ller bac:kbonc ~most disB.PPt!:ar$ from



thC': market for unatt.a.r:hed c:ustorriers when (J = O.

Fi:;urc 1a
Effect of a degradati= from 8 - 1 (~olid lines) to e- 1/2 (dashed tines)

(c -= 0, tJ =A, Pt = .4, {j'J = .1)

The impac:.t of It. depada.t.ion of the intcrccmnection is even morl: asymmetric
when this inte:rconnect.ian is alrc:&dy degra.ded, since this increases the dominant
bac:kbone's adV&nt&~e: the di~ce in "total bNCS" t f31 - /3" + III - q2J inc:re&les
'VhlU1 interccnneetivity is degTa.ded. Therl! is thus a. "snowball effect", making
further c!egrada.t:~ less harmful or mare attractive fer the dominant b&ckbonc;
for inst.AZlce, in the aDove example the dominant backbone, who is slightly hurt
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when 8 decreases .frgm. 1 to 1/2, benefits from a.nother reduct-ion frcm'J 1/2 to O.

"

Fi;ure lb
Effect of & degradation frcr.D 9 - 1 (solid lines) to 8 = 0 (dashed lines)

. (c - Of v - .4,13) - A,{j1 ""' .l}

In the absence of cost for maintaining the Cluality of interconnection, the
sm&ller ha.ckbone &lWl\.YS prefers to maintAin L perfect interconnection, Simi.LarLy,
the two backbones would have &D i:.u:entive to m&intain a. high iJ:1lcreonnec:tion
quality jf they were of the same size, When one backbone has a big.,.-v inst&l1ed
blLSt:, however, he me.y well pref~ tg degrade the intercOJ?nectioD quality. This
is ind=d the case .,heu the strAte:ic effect doraina.tcs (as in FiguTC 1) I that is,
when the installed base adw.ntace is Jure enough. FUrthermore, bec~U$e of the:
snowbalJ dfect ment.ianed a.bave, the dominant bac:1cbone':! best degr..c:hLtian 5trat­
egy, jf dt:gradatioIl is indeed optimal for the dominant network, will be to refuse
interconneGtion (8 _ 0).5

SStAtti1i1 (rom 1'Vrcd qlllaJity ori~confl':'ion (B = 1),~ i. nllpti~ "'hen

gA >'311 +2 l - c-+-vlJ
...,., I-v'
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In the~ce of ... c:cst of quality of intereonJ),ection, it. is in general neither
socially efficient J),lX' privately optimal, even fer the smaller 'backhone to choose &

perfect c=neetivity (8 = 1). But the larp::r backbon. has 8. bias tcnnrrds lower
quality, that .us, & dominant supplier al....ya favors a 10'lleI' quali~ of mtc::Z"connec­
tioD the.n the sm&1ler backbone. Moreover, the dominant backbone':s 'bc5t stra-tqy
will still be t.o refuse intflZ'CQI.lnection (8 = 0) if it. is optimal to do:so in the alneDce
of a. cost: of ~ua.lity cf interconnection.

Remurk (CO"".,.,.,,,! ver..w Berlrunri c:om,et.ititm). It is wel~knownthat aligcpoly
models sometimell gatlC1Lte subtt&utially difiiuent conclusious, depenc:iing on the
assumptions nu&d.e on the nature of c,:ompetitorr;' stratecic inter~ti"n~. One par­
ticular ccample is the c:cntrut b~t:ween C.oUZ'Dot madds) which take qUa%ltit.ies
or c:apa.c:ities as the key strategic variables, and Bertra.nd models, which mstead.
COJ),Sidetr prices to be the lccy st:ate:ic d.ecisions: capacities are ofteD considced
to he str&tAcic substit.uter (one.firm~ tC&ct to its ri"Dl', e::cpansion by nduring
its OWD qUiiUltityor ce.pa.c:ity) whe:rcu prices are usWL1J.y considered to be stratepc
comp1em=ts (a. firm will react to mcre8.!eS in its rivaLs' prices by incn:a.sing ib
own price). Hnweovcr, our &%1alysis of the damillant finn's str~tegic: inccnti~ to
der,n.d.e interc:onDee:tivity is robust to c:hlUlges in the moclel1m: of the da.y-te>d&y
mode of competition: We have explcm:d. IU1 nltc:rtl&tive duopoly model ",herr: the:
t.-a b.,clcbones compete m prices rather than in eap&citics, and shown that the
same ana.lysis as ..bove t!QI;aI:tly applies to this c:&Se 115 wdl: (i) it is still true tha.t
the larger he.c:.kboD~ha.s less incentives to invst in tnt::: ql.lality of interc:onnc:ctinnj
(ii) a..s::nuning &'9I&y the a"sts of interg)nn~ct.ion,.. sm&ll backbon~ would aJ• .,ys fa­
vor the LlIlIt quality of intf:ltc:onnection, whereas the dominant b&l:kbcme may~
pre::Ier instead a. :sma.ll deer-adatioft. and even more $0, a complete degra.datioD or
tbis qUOl.lity. This a]tc:rnative model, which ZLlInws for some different.iation between
the two networks, further shows tha.t the analyst" renlains valid eVEn when some
~f the neW cust.omers have An G priori bias in favor of the lo7Daller backbone.

that is, -hcu tb. bil b8c:k8011C·. ad..,.~~ in in-.lled L.uc ia lar:e enough. However, t.be
1,",6t ,..: is COft1/U ..-feh -.pet: to tile int.n:Dnnctinl1 quality 8. IlcN:e. the biCl:C' boic:.kbal1£·.
optimAl ,bol~ WQ\lld either bll t1 - 1 (PQ"Cu.t ineen:onAcctian) or B = 0 (no intcrc:onft~ion).

'Johe comparinn Df"1 -nd 1l"r'. t.he profitll obteine Cnr carJl of thOllie Lwo chnilZ5, shG'P'l that
the biCP" badcbDIl_ willl'rdcr nat tD iAt.e:rcoonncet (1f'ic > 'If!> .hen

~ > ..:..(1_-_2v~){,-2.:..(1"""'!-'""!"c,,-)+~(3..,....-_v..:.;) #~)
3(1-",)(3 - 2v)

Whcu far elC&atple c: =0 aDd tJ c 1/3, thll c:a~cHtion boils clowu to ~ > 1/4•
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3.5. Multiboming

Until now. we ha.ve assuthed that customers could only "single home". A ne­
customer with type II then obt~ net. surplus

v-po

C&I1 it be in the interest of the !=uston1er to multihoruc, uswning thi:> is feasible
(sc: our discussion in the text)? The a:n~ is ner;8.tive: rnultihoming yidds net
utility •

v + tJ (Pl + tIl + P, + tI,) - (Pl +p,) = v - 2ft - 'lJfJ (fl, + 91 + (J2 + tl,)
< 11- p,

smcc:: p > 0 (the! is, 91 + q2 c:&Dnot ecec:r.d the total demand, eque.l to l)i multi­
hommg is domma.ted, rx:Ci&use cOllSumers would end-up paying twicc.

Rerrlt~r1r.. It is cert&inly true .that the fact tha.t ~sumc:s' pn=£a:=c:cs for
c:unnectivity (per unit oj In.ternet tLfuge) are the same for all c:ustomer:o, c:r=tes
littlc scope for multihClming. Mote hetc::r"Qgeneity with n:speet to the benefits of
cOIl.ne:c:tivity ll« \\%lit DE usagP. mi~ht l:Cnc:rute somf: ruult1hmning. but. its c::etcnt
is likely to be limitc:d..

Rr::rnark. In 01lr model, eustomers pay & fixed fEP, for hlb:rnet usa.ge. \Vuuldn't
U5a~ based. pricing- be more favorable to multihomiIlg? It is not neCE:iSarily 50,
for t-o reuons:

1. If t}le level of d.ep-a.d.ation ~ high, (9 is equa.l or dose zero), UlSAge-bUll!Xi

pricing doc; not change the ~&lysis. Intuitively, for hi:h levels of depa.d.a­
I:ion, usage is an-net usage, ~d. sa multihuming amounts to paying 1'1 + 1'2
evell under usa:;t!l'-bOlSfitd pric:ing. In other wards, rnultihoming- lcu.ds to e. tl>
It'l us. beluw thp. sum of the: twCl usages under singlcboming only if lhere
j~ a s\1Dstantial off-net activity. Our c:rnphasU on total decra.datiOl\ implies
that multihOming is still 5ubOptimaJ. UDd.c' u~~ba.sed prieinc.

2. As ~ noted in the text, d~lLd.ation and non-linear priem,; UP. complt!l'­
mentar)' strategies for the dommant n.:twor.lc. The fixed fee is an ~t.reme

example: of .. price di5emu~t. Mare ge:ner&lly, the dominant netwcmc %%2ight
acc:ompa.ny dec:radation .,jth same amount oE non-linear pricing,

4. Merger analysis

We nc:nu extend thl: o,umot model &nel. conside:r .. sitUAtion whe2'e bitially .£our
baclcbotlcs Are competing on an equal basisj that is, th~ each have au inst&1led
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bue of the same size,
{j

A. z:-
1"1. 4 "

We first briefly ~sjdc:r this iDitial situation, and t.hen analyze the oatcome
of a mU'~ br;~ two gf them, which acates & dominant position: the new
merged firm has half of the installed base, whcrea$ the otht!r two still O%lly have
OZle fourth c:ach of the: total mstallc:d base. Far c:omputational simplicity, we
assllme that each backbone may (:unilaterally) chocse to be: c:cmpati'ble with each
of tba other backbones (Sii - 0 Or 1), a.nd we ktzp aur earlier assumption tha.t
CtJmpatibUity requires cooperation of 'both pa:ti.. As we will later discuss, 'M:

will further allow tbe baackbone.s to limit the lra:flic: at the intc:rfaces e~ -hen
they are compatible (8ij = 1).

We show that: in the: pre-mcrgu situation, iLll ba.clcbones h&v~ a.n mcentive to
maintain the hicbest quality of interconnection. In the pOIOt-merger situation, tba:
smllo11 backbones apin have an incentive to rnaint",ul & high quality of intc::rco.o­
nectiun. but the dcmi.DaZlt backbone may not want te. Ta analyze this issue, ~
cOIlsiuc=r three poaible strategies for the daminant b~bcne:8

• AC:CQmmodctiDn: The d.omU:sanl: b.u:kbone does not degrade the quality of
interconnection with any other bac.kboZlej the industry is governed by ubiq­
uitous ptzcing agreements.

• Global degra.tl.tz.ti.Q1l: The dominant bac:kb=e deeide5 not to interconnect
at all. It is the:c optimOll for the other beu:kbones to enter into a peering
l\gteement.

• Targeted rkgrrzdatitm: The dominant bllc:kbone refu.sc5 to df'.Al with one of
the ol:her two end. further limits the in~rf&l:e capacity witb th~ other b~­
bone, so that the quality of this interface is EOCcellent (we will &5sumC:l "per­
fect") if this ba.dcbolJC does not c:dfer tr~sit to the other, but ",bysnlal (~
will assume "CC1ual to O"} if che: twa small hackbones enter a. transit a~
me.nt.

Crm...tTUiniTlg t.h.c inter/Get:. uritJr tllt:. T!.D1l-largcJ.&d. ua.c:I;;bone: aT!. illwtrutirm. To

ilJU!itrate the liinitGtion of tile j!l.I:~fa.cc with the Zlau-t:.argeted backbone, let us
return tn the interpretation of the intetconncc:tiQn quality parameter as tht': in­
t.=-fa.o: capacity. A.ump. for simplic:ity that 11.11 messa:e:s h...vp. the Same value u
(so W !!! 11). Let ~ dezlutc: the ca.p&dty of the int.e:rI&&:e and t,; denote tbe pc>
te:nHal tra1fic: between bedcbc=c!S i and j Ctij == 2({J; + q;)(P; + q;». Suppal9a

• We '-ve c:hclccc! that tl:lc deri-:ioll&l beJow al"e con..wtent with the ~~ir'ancnt that 01):

~..mbriA .r. -.able.
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where

15

/3
tJ-

4

lhat t12 + t 13 ~ IJ. :> t J2 • and th~t network 1 refuses to interconnect 'With net­
work 2. In the a.balcnc:e of transit,: the value of &m~ net of the dela.y cost is

1) - Ie ,'Which is close to 1J (~.t. is 1 Ii == 1 - (It: ) is close to 1) if Ie is
IJ. - t 13 I 1J ,., - t\2

sm&1l. In contrast, in the prese2'1ee of transi~, the equilibrium. total trwc at the
interface, t, i.s lower thaJ:I t 12 + tl~ and is sud! that interconnection with network

1 is worthleiAl : 'IJ - k = O_! In othe::r words, the cain ttQrn conneclivity i!i
IJ - t lZ .

completely diuipa.ted by the eu5tOmt:nJ' c.ompet.itio%l fo% spane interface capacity.
Hence, tnmsit is equivalent (m u~itil!S, althau:h not in outcomes) to the absenee
of intf'.rconnea:tion between J1et~rks 1 and 2 (812 = D).

4_1. No merger: Competition,among equals

We firs!: an&1yzc!! the outcome of tpe pre-merger eompetition be:twr.en the" sym­
metric baclcbo.De9 (13. = fJ/4). Building on the analysis of tiu: CUP. of a. duopoly,
and lett~g g,o; denote the quality:of intacannection between backbones i ud i,
bll.clcbone i's profit function is

,
1 ~ 1J8.;

K'j - l! - u .

Hence, the best response fUZ1ct~on is P'II'I:Zl hy
I

g. (. : ) _ M, - Lit' Kc;qi
"... ii,qA'~J: - 2 •

I

from which can be derived t.he equ$brium Cll.pacities and pt'Ofits. Intuitively, since
the baclcbones' installed bases all 'ha,. the same size, the ba.ekbQlle5 will shue
the same ma:ntive to maintain the quAlity of interanulcctio2'1. an.d this c&: be:

~edc=l farmally. If, 56y, l:aackboues 2. 3 and 4 maintain .. pc£ect ~terconD.ctian
bet~n themselves (S:u = 824, .... 8..'14 =I}, .& given c:boiee of (8 t2 , BUI 81,\) Iuds



in eq-uilibrhun to a. capacity and ~ profit for backbone 1 which bath dC'SCr'ea.se if
th~ quality of any interlace (1912, Bu or 91«) ili decrea5l!d. .As a cunsequenc.e, in
the absence of intereannection c:asts, in equilibrium all baclcbones mainta.in the
highest quality1 and their pmfit is .

~ = (1 _ ') ( ~):I =- (1 - c: + 1JfJ)'J
"', v tl. 25 (1 - 1J)

4.2. Post-nlergt!r aCCDmmodation strategy

A merger bel:'IIft:en ba.ckbtmes 1 and 4 creates a "domiJ:lant ba.c:kboDc", labelled
ba.clcbune 1, with an imItalled b&lIeaf size P/2, campeting ~th t-o sma.llcr back­
ho;ces (ba.ckDon~ 2 f&%Id 3), ea.cb. with Illl installed base af size fj/4.

If the dommlLDt ~bonc a.dopts the acccmmadatioll strategy (8'j = 1). then
the other t1ill'U optimally follow suit and. ca.ch ba.c:kbODe i mau;im,izcs

and thuF:, for i _ 1,2,3:8

1 - c: +vf1- (1 - fJ) q-i
2 (1 - v)

1 - c + 1)/3
4 (1 -v) .

1T! == (1 _ 'U)(q~)'Z .

whc::rc:: the superscript a :stands for "lLCl:OmmodatioD". Nute th~t in this situation
the cl0111mmll:. backbone lQliCll the strat.e!gic benefit of it.s installed bue.

TThe analysis q marc camplell: iF __ take illto _nl the (act that a backbone et'Iuld react ta
• d~l'l or & CDllnection by nccoLi.etiD, • tTaal5it ~gr_cnt with IIonotoer backbone. Ona
can show cl\Qt the ,.loIlb p~ted here still h"let

'Note tJ..t. the clominant bedcbol\e ceLt in th.t. c:..- I.. thaa in tbe pre-mer;:.=r stt.uatlon
(1r! < roj). as ill standard in CoUl'llot uliCOpaly modc~: We know .illClC the wore of S. W.
Salant, S. Swit--=r .1lCl R. J. Rcyaolds (1983), "z...-- &.'" hori&ontGl Incpr: The elfect& "C
an~1UQuCC 1Cl iaclllSby stnctmoe oil Coumot-N6Ih equiJibri~m", Quorb:l-ly J.um41 of
ECilnorn#&' '11;115-119. that Us a Courl'lot fnwwlIIorK • InerPr may "".ll iacr_ the~t.e
profits or the ind_r,y but 10.... the pratit. D( merPl1C firm:s. The COJ£",,,t 8Jll'~ch lhu# .6~~

cz nlthet'" ,u",,,,ut'ic 1Iic'loII Nf-m, 1M ",..~ 0/4 nle11/et'..... c.n be checked b.J__• in
~he codcao at DUE' " ....1 the merCet can DDly be profitable wiaCII Uac dominant bad,bnne cau
afterwarCs abule Dr ic. PQlition thrau;tI dep'.cIatioft .-t1'AtqiaI. Other D'lDde1lr. 1-.4«1 on ptlcz
compe:tlciOIl "thor tn-a on ..uaetity Dr fal)lIlCil:y cDmpetitioll••hibit hi(bcr profitabilitia f.r
,;he merliog entit_, .ince tie_ me,..:r then ....1.. in hieher pric-.s aIId pnmc. far the IIIC1'CiZlC
t1'lIlolJ .., _II NO (fir tb. r.t .r tho indo.try.
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[1 - 9J - '1-1 +v(~ + ql) - c] 'il.

_ {1-3V)(1-c+
v:l

q{ 2 (2 - 6v + 31.12 )

-n1 - (1 - v) Cq'f)' •

(1- c)(2 :- 3v) +~ (1- 2v) :> 0,

{J
1 - c: +v- - q] - (l - \I) q,;

R. (ql. q;) ., ~ (1 _ v)

'Inc equilibrium values arc th~ for the dominazlt backbcne:

4.3. Global d.egt'aclatioll titrategy

If h&ckLcme 1 npts for the ~bal degrad&t.ion strategy (8n =BJ:I = 0.8= = 1), it
maximizes

,....bich yields

1 - c + uP - (qJ + q,)
R) (q2 + q:,) = 2(; -v) .

whereas b~dc:bol'u~ i E {2,3} maxiJUi.ze:s

yielding

with 9 for "g1cbal degre.da.tion". a.nd for each of tbe smallel' ones (-i = 2,3):

We now check th.l the dominant backhone neVEr ~fers to cJ~aetP. the inter­
c:czmcctiOD quality: 1r'f < 1ri L.. equivalOJ~ tn

which i5 indesi always satisfied.
Ren14rk. That the dcminut bae:kb~e would Dot opt for globOll degradation

is easy to p1'CM: in the cue 'Where the t1lJa small 'b.ckboncra can coordina.te their



c:apacity dcdsion r 40 as to muirni:ze their jowt profits. I:n that sitWLtion, the final
ret'iUlt ~ulc.l be the same as in iIo dUC1!,oly with equal installed bases, {jl == PZ3 =
{J/2, with 'VJ =: 1" in the c:aae of ucommociatin1'1, yi~

.,c:_ (1 - c + 'II{J)2
71").= 9 (1 - 11) ,

and "8 =0" mthe case of r;lobal degradation, yielding

7r!,r: = 1-11 (1- C + lIP/2) 2

J - 9 1 - 21.1/3 '

whic::h is alwa.y:s smaller than 1I"r,r:; as we haw: alrea.dy observed, "equals" ~c=r

to mamtain the bc:st mtc:ren.nnectioD bet~ them.

4.4. Divide and conquer: tile 'stratecy of tvz:eted degradation

Cunsidcr nO'll the strategy of targeted decnu:latiQn, 'lIIilere c.ac:kbcne: 1 does not
uLLe:rc;nnnect with backbone 3 (813 -= 0) but maint&ins a high quality of interface
with backbone: 2 ('12 - 1) as 10Dg aa this backbone does: not offer trB.:lUOit to back­
bone 3. On ~he other hanel, tIle a.pacity of t.he i.nterIa~e between back:b~c¥ 1
and 2 is limited, so that this iuterface is fully degraded if backbone: 2 e.cccpted to
sa"e i&.i5 a. ~nduit for tn.ffic: bf:twee.n 3 and 1.

Let us first consider bac:kbona 2's trfl.r1.Sit decision. II it enters aL transit agree­
ment ~;th backbone 3, the situa.ticn that prevails 15 the same lS.S in the cue of
global rlegrad..tion, which -rue h!L'Ve &!ready examined. Ii instes.d backbune 2 docs
not o1fer t.rm.nsit to the oth£l" small be.c:khone, then the (inverse) d,p..mands for the:
three L&.c:kbnnc:s are rc=.1.1t:!ctivcly ~ven by:

1'1 - 1 + \1 (¥ + q) + q]) - 91 - 92 - q3,

1'2 = 1 + 'lJ (ft + ql + q~ + q:J) - ql - q2 - qJ,

P3 - 1 + tJ ( f+ (j'Z + q3) - tIt - q2 - q3;

bac:kbouc:s 1 Md 2 thus benefit from a better interCODnect.inn quality than bACk­
ho~e 3 doc=s eN it is perfecLly c:o:nnec:tc:d. wit.h the entire U2stAllcd base, backbone:
Z ACt.ually cnjny3 an e¥en better quality than backbone 1 does). As a. rr.I5Ult,
hackbone 3'.:5 market share is much reduced., which may benefit the other two
bAekbolle::s. Thr. equilibrium IItrategies, if interior (q. > 0 for all i) ~&tisfy:

3P
1- c +~4 - (1- 11) q2 - I1J

ql - 2(1- v) I

IS



where t stands for "targeted degradatig]J".
Far conc:iJlenc:s=s, Yn: will be mail'ily interc:steci in the l:&SC il1 which backbone 3

is not lLble in equilibrium to attrar:t Bony new customer (i.e. q3 _ 0). "his will be
the cUt: -hen the qi of c:quut.ion (4.1) is negative, i.e. when

This enables us to compu.te the equilibrium quantities:

11/J (1 - 211)(1 - c:)
-:> .
4 1+11

1.'hcn. the equilibrium c:apa.city ql e.nd q, satisfy:

(4.1)

(4.2)
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3{3
1- c: + t/- - (1 - v) Ih

4

2 (2 - 11) (1 - 2v)

2{2-Sv+2v2 ) ,

. vIJ
1 - r:+ (7 - 3v) ­

4
2 (2 - 11)(1 - v) I

1){.3
(1 - 2v) (1 - c) - - (1 + 11)

4

-s ~ ~ 2 (1 - c) + 'tip
tIl 6 1 - 11
_, .. .!.4 (1 - c:) + Svf3
q2 12 1 - 11

q, -

u{J
(1 - 2v) (1 - c) +3 (1 - v) ­

4

2(1-v)

1 - c + l1P - (1 - 11) ql - (1 - v) q-J
2(1-11} I

fi1- c+ v- - '11 - (l-v)ez~
2

2 (1 - v)
1 - c + v/3 - (I - 'V) ql

'h :::: 2(1-v)

&:lei the equilibrium is



It CIL%l be diec:ked the.t tht. targeted 4f!,,-adction 8trategy always i.,."dueu the
~"mGIl backbone 2 Ie refu«e trrJTlnt sennces ~ tJac fJLla.cr 6mr:dl baekboneP• Bad:boftl!
1 pre.fr?r$ tJa.u ta.rgetetl degnulration strategy to Q.cCQT7lTT&o~czLiDn (e1Jtm if Q. high.~

crudity 01 interetJ1UI.r:clion i.l co!JtlU.I) if

-t .. A 1'7l"1 > 11'1 c:> V,., < - c.

This inequality is eompe.tiblc: with (4.2) if

(l - 2t1)(1 - c) R
4 < 'VI-' < 1 - c,

l+v

tha.t i" if
1

v> 3'
Rc:mark (rnuJ.tihDmi71gJ Would e:t.lstomers waau1. ~O multihornl!l to badcbone.s 1

and 31 (Thcno: i'i DO point multihcming Lo backbone 2 and a.uothter bc.ckbCl1lc,
because hackbone 2 providl:S perfect connectivity). Using P3 = r.:, the reader 9'ill
check that in equilibrium it ill pClSSible to has.ve 1'1 + P3 > Pz, and so to obta.W
per.Eect. connectivity a customer is better off connecting to rset1rork 2 re.t},el; thau
to multihoming. Hence, as in the duopoly ca.sr., multihcming docs not a.risp. irs
this nlr,dcl (and u~tl'e-buetipricing would not chc.:nge this collc1usion).

Rr.mr;z.rk. Tarp=teci dq;rada.tion may be optimal for the dommaztt network
l!l'Verl if n~work 3 still attracts some ncw consumers after dep-lLdat.ion. One can
sho... that ill thi~ c:&.!tC1 it is still "pt.i.n]!l.l for b~ckbone 2 not to provide transit to
backbone :t

Reruark. Degrada.tion ",..ould be even more appealing to the domiD~~ back­
bone if

• the quality of inkreonneetion \lferc castly, rmd/or

• the domin&:Dt backbone could a.uetion off bet'llltlen baa:bones 2 and 3 the
IJprivilege" of not Dc:i~g tar~ted.

IIJnclead.:

1 4 (1 - r;) + ~p
= i2 I-v

1 1 - c + 211,lJ 0
~ ii 1-11 >.
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Appendix 2: Internet services,
on-net substitution

and the value of interconnection

22 April 1998

1 Introduction

The aim of this a.ppendix is tp ~udy the inCZlltlV1!!S of .. domiDa:1t Internet
backbone to degrade qua.1ity, at gi'IJt.1l m.crkct ~lu:rres. (Appendix 1 focuses
em campetition for ma:ket SA848. ig;carin~ Use substitution d'fect studied in
this appendix). A%! intuitive ar~=t indicates that, by limiting the q,uality
of cozmee:tian with the rest of the netwark, the d01Uinant badcbone induces
its customen t.o c;ommunicate mere mtensely with each other, thus increas­
ing tramc: on its nctwark and increasing its %'l:Yenues. There ~ a seeminr;ly
straightforward ~terargurJ:lent,which SlI!lemS to hold even for very la.rgc
netll'Crks: by domg so the dominant network decrea.feS the utility that its
0W22 customers deri",= £rem the services that it affen;, and hence reduces iu
own revenut"-'. Indeed, aa:ordin~ to this ccllu:aterargument, even tho\lCh each
of its customers }ULS little communication with customers of other net.,-orks,
the a~.te cost of degrad..til::IJ\ oC the iutercoonecticn1 a.leorrega.ted 0111:'%'

many cwstomen l is large.
We show that this CCNntcrargumeut has limited validity for the Internet.

We build .. model ..-ith both WIel'II AZld suppliers c! Internet services (one caD

think of di.l up custoJnc:n and Web sitas, or of teenagers &bd pnae sites, a.ad
so on). Users have beth .. prefe:nd 5Upplier IL1Id a sectmc:l. chcice supplier.
We L'OI;UDle that there are t:wto Dehlorks (it should b. obvious that the ame
reunning would hold with more). If the prefetrec:i supplier oC a. user is on the
~!heZ" network and if the quality of interconnection is bad enough, ..he prefers

1



to visit her second choice su.pplier, as long as it is on the same network to
which she is ~ected.. Using this vcy na.tural model of the d.eme.nd :fer
services "lie shePP the following properties:

1. An ine:teNE in the quality of intcrcon!1l!lCtionin~ the revenue that
the lar:e nel:1llork derives frC1U users lass than it inaeases the r~Ul!
of the smaller network.: As & consequence, the large network has less
inccnti'WS to invest in quality.

2. AD iDcreue in the qu&1ity of intetcozmcc;tion du.Tea.se.l the tevenue
that the large net-tnWc deriue.s Ixmn suppliers, whereas it inc::rCA$CS the
revEnUe tha.~ the sm&.1l net'lllQrk derives fram supplict3. On this cround.
the lcrge netw01'.A: h45 a -P0litille incentive to degrade qulJ1.ity.

3. A... a. consequence, the: large netWl:lrk alwa.ys hu less tha.n socially op·
ti:r.nal incentivfOS to in'VCSt in qua.lity, and if the "lIo~ght of the revenue
from supplius Qf services is im-port&nt enouch, it can a.ctually have
incentives to degadc quality, ewn if thi:s c!gc:s not reduce casts.

2 A simple model with no substitution

We ccmsider an Int.emet to which are colU1ect~l n users of services and TTL

supplier.!. We -ill thmlc of bot.h 1'1 and m as being very large, with 1'1 &

few azoders of ma.gnitude greater thq m.. The Intll!rnet is composed of lwo

net"lRlrks, net'WDX'k 1 a.nd net:WIt>rk 2. A proportion 0:) of tb~ \JsctS a.nd the
sa.me proportion Ql of the suppliers II.t'e en network 1, while prcpcrtioD Q2 ­

1-011 of holih 'WICrS and suppli~..rs8:re connec:ted to net.work 2. The a.ssumption
tha.t network 1 is the 1&rgl: J:1l':twe"rk is fernua.lIy stOlted &S QJ > 1/2 > 02.

R,e1f'UJ,f"k. I:c erdw to simplify the notation I we B.SSUme that the Arne

proportion of suppliers and vi.itors are in each netwcrk. As explained in the
c:oncl1lSiDn. this assumptian can easily be circpped.

Assume first that. u.c:h user has a single supplier to which she would lilcc:
to ccnnec:t. If the supplier u;cm-net she gets a utility of 1 (this is just &

nurmalization). -hUe if the supt)1ia is off-nct she gets a utility DC iJ S 1. The
~terB rcpt-=u the quality of the int=cosmccticn. We asswnfl tha.t
!.he p:e!er=ca of users among .supplien are indepedent of their location, so
that any uscl' has a. priQri a probability 11m. of prefc:rring Uly gi"icn supplier.

2



Then I the t\."Ul1ge utility of users of net~rk 1 is

(1)

Ind.eed, a. proportion Ql of the Usa'S of netwar.k 1 hAve their pn::£c:aed supplier
on·net and get 8. utility of I, and a. propcrtiot! az - l-CZl have their pre£en-ed.
supplier off-net and get a utility of e. A1J c:onsequenee the Lotal surplus of
vi:sitors of network 1 is

7I.CIl(1- at(l -6» -= neal - Qlaz(l - 9})

-.: T1(Ct~ + ala26).

Assume that the network 8\lceeecls mobtaminc II. revenue ~ua.l to Atimes the
total surplu that the visi~araobta.in &om the servia:s they obtaiJ1. ThdD, an
ine:rea.se d9 in quality yields for netwcrk 1 an inc:rca.sc in revenue nalQ2Atl9.

Similarly the I!'vcrage utility of users on network 2 is

and the tot.al 8U%'phJS of users on fletwcrk :2 is

An increase in quality yields the same inaeasc in ~enue coming from us=-s
for net'llfClrk 2 as it does for netwcrk 1.

Of coursc, in this mocl.el, one needs al.~o to consider the surplus obtained
by the supplic:rll of services. For simplicity, WI:: will assume th..t the .suppliers
are v,oilli:Jg to PLy a certain &mount per "hit", i.G:., per Wier that connect.s.
(One ....ould obtain the same results if we assumed that the surplus of the
suppliers is dependlU1t on the utility of the users who cOl':Inect.)

The tot.Ll ~u:mber of hits fer each supplier is n/m, and is clearly mae-­
pendent of its location. A ch&n~e in the qu&l.i.ty of inr.ereonJ1eeti~does %lot
aifect. the ~u'Pplien,and the th.is aecordi:a~t.o ~'hich the two networks have
the -.me incc:nti". to iZlCl'1l&$e qua.1ity also holds on that side of the mark~t.

I:Umce, in tl:ais~ simple :framewark, it. is correct that dun1inilJlCl! does
110t pmvicie inc:entives fClr de~adation (as!luming, as we do throughout this
e.ppcz.c1ix, that rDadcet sh-.n:s are rigid). We,.,l1l see howe\ll!ir that. this I:on­
dl1s1cm is reversed Ui soon as t-hcre e::c.ists c:cmpetilion among sl.1pplics.
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3 Substitution and degradation

The a.im of this IeCticm is to shO\" that tl1e conclusion of the previous .secti0J2
only hold. because of the extrcmdy simplified and unrealistic: assumption
that we have made &bout de!n&:ld. H users are willing to trade-off c:cnte.nt
fer quality of CClmlection, as they obviously &re. netwarks of different sizes
have different inCf!tltiva to improve the quallty of interc:onnection.

:m order to explore this eJfect, -.: ll:ec:p the same usumptions about the
cli~tributiOD af~ and suppliers, but III'E modify sJ.i:htly the assumptions
cs.bout the utility of the 1J.SCml. N091, e&ch of them hILS two aceepb.ble Sl1l'pliers:
connection to the preferred supplier yields a utility of 1, wbile c;0J111t=Ction ta
tha second best supplier yields 11. utility of u E (0,1] (different uscrs ~ill

h..YC dift'ereut ~ues of v). Fer simplic:ity, W'e assume tha.t u is uniformly
distributed. on (0,1], and furthc:rrnore that it is indepetlc1e:Dt of the locatwn
of the user.

3.1 Users

3.1.1 The utility of users

There are tb;:sr. re16vant eases to study the beha.vior of a user:

• Ifher fa.voril:e supplier is on-net, she connects to it l.U1c1 obtains a. ut.ilil:y
of 1.

• If both her fa.vorite a.nd second-best suppliers are off.net, she CO%l.%1eets

to her favorite: supplier and obt:a.ins a. utility of e,

• If her favorite supplier is oft-net and her second best supplier is on-net,
she compan:s the ut.ility:tha.t she derives fram lhe favorite supplil!I'J 9,
~ci the utility that lihe derives from hr:r second best supplier, ,;:

.- if' f) ~ v, she c:onnr.cts to her unt best supplier;

- if fJ < 11, she CO%1llccts to her HI:lCCnd best supplier.

I We &tInlC'_ that \IIIC'I CGftnC't to their (.""rites Ifuppliet" .... hen thdy erc indifferent. but
thill~ ._Jutal)' no Imp.ICt 00 the resultli.
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A \1scr on net1M:lrk 1, the ;large network, for whc,m tJ S 9 (sh~ prefers to
c=mect tu hc:r preferred supplier afi-net than to her second. choice supplier
on-net) hu ;an expec:ted. utility of

121 X 1 + Cl2 X 9 = 1 - 02(1 - 0).

This is the same e:cpreaion as in (1): the user ch~ to cotlneet to }u:r

f&vonte supplier, cd faces .. lass of utility of 1 - 0 when this supplier jf
oB-net.

A usa on network 1 for -hom 11 > 8 (she Fefcns to c:cnne::t to her lW.cond
choice suppljer on-net than to her prcfcrTp.d supplier off-net), has lJJ1 expected.
utility of (..ppmximately.2 for. m large):

C'Cl + (1 - 01)(01\1 + 028).

Indeed, with probability 0'1 her f..verite supplier is on-net BJ:1d :she gets a
utility of 1. ConditiOXlal to the fa.ct. that the faverite: supplier is off-net. there
is a prubability aJ th&t the second best supplier is on-net , a%1d the utility
of t.he uer i~ 'J mthese: cases. With proba.bility Cl2 bath of her ac.cept&'ble
suppliers are af£-net • amd hC!r utility is 9.

We nOW compute the aver~&-e utility of the 'users of network 1. (IU:mc:m­
ber th.,f: the parameter 1) is uniformly distributed between 0 aJ1d I, and is
irulcpende.nt of the 1Dc:atioll of the aca:pLabJ~ !'Illppliers of the user.) This

2Without thi:l appfOlltiJn4tiol1 he 'Qtjlit}' ir

a,m CZ~~I\ - 1
oJ + (1- al)(m=l~-+- ~_ 1 Il).

Indeoed., with probability Ctl kef' f~votite lSupplier is ou·ne1. and she let.s A utlli~y of 1. If
the favorite supt'JUer is off-net, then!: is A l~fI'babili~y

~
m-l

that tlle scr.end bc .upplier is nil-net (Lnet"C .arc fn - 1 patentilil SKQDd bflln: lIuppliers,
anei Qt,n or them are an network 1), .lId th-: Ioltilit.y Dr tllC ~r is v in th__ CUG. With
IJ f ab.bility

Q:II"" - 1 DITlt
----...;. - 1 - -
Yfl-l m-l

both of her IIl:DlP'Able ftpplicl'S .re:ofl:.ne& (of tile m -1 poteati.llIlCOftcJ bert SlIppliol"S.
12J"'- 1 arc Oil net.WDric 2), .,ui her. utility is B.

The expr_iall in tbe telct i.lI Dbtained &oS the limit. when 1'1 pes to Infi~ity.
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a.verage utility e
• 1

11 (1- Q2(1 - B)j +1 (al + (1- o,)(Ctl'U + (20» du

(l-B?= Q1 + BQa + Ctl0i2. 2
1 ...2: 2 3 - Q)= -QI0,CJ""" + OiB +- aJ •
2 2

Nothing t.h&t we have done up to this point depcnda on the Ia:::.t that
network 1 is the largest netWork, so that the average utility of 8. l.l:iieZ" in
network 2 is

(1 - O)l
CI'2 + Ba, + 2 °1°2

1 2 2 3 - az
= ~ala29 + alB + a2--2~

Tiac tot.al utility of users of network 1 is

( ) (
1 1 2 3 - (1)

Vi B = 01 11 'jCtl C 2B + 0,28 + °1 2 '

&llC1 the total utility of users of :llet~rk 2 is

3.1.2 Q1lality choice by the networks

Given tiae d.cma.nd patterns that we have just studied, 'M: nOW turn t.o the
quality c:h.uice by the networks. In this section, we assume thAt their revenue
is proportional to the utilil-y of the tlSe::rS, and reuon as if the reve:ua 11,rc:wided
by the suppliers wa-e nil. k3 will be seen in the next section, lifting this
rmtrictive: hypothesis will only reinfOrc:z OUr ccnclusio%ls.

Relative preferaJ.e:es for quality of interconnection Notice milt Ul..~
both V; and V; are incra.siJ:lg In B so that both networks would. prefer hich
quality, if it were frt&~, if the cast ia inCl'1:llllring in 9, net.ark 1 will
prefer a ~r qu&1ity. To sec this, note tha.t

V;(B) - Q1'n (010.,8 + a~)
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We ob~ain

V;(9) - V;{S) - neal - t22)(alQ:t9 - ala2}

= n(Ol - 02)0]0.,(S - 1)
<: O. (2)

Hence, for any B net-ark 1 has las incen.ti~ to inerea:se quality tha.n does
network 2. Because the functions ~ ar8 cz:mw:x, stcdard compara.tive sta.tic:s
results do not apply and it requires a little bit more M:)rk to show that. the
preferred level of q\l&lity of ncctwork 1 is lO'M!f' th8.Z1 the preferred level of
.quality of l1et'WlOrk 2.

Proposition 1 As~me that t/u: CD.st jrJ:n.ditm c(i) is diJferenticble. Thm.
the yre/t.T'Tf!.JJ. p.o1ily 9i cj net1llt:trk 1 i! .meller thon tM p"-ftr'TCl lfIJclit:si s;
of networa: e.

Proof. By definition Wt: must h&1I'I: (remember that a. ni:twcrk receives L'i

revez!ue • proportion ~ of the utility of the u.~):

>'l!i(Bi) - c:(Bi) > >''V)(S;) - c(8i) ,

..\'Vi(B;) - c(S;) > ..\lI,(8;) - eeli).

Adding up, this implies

which is equivaleDt to

By (2), t..bil implies e; > 8i.
Nate that if at least ODe afli uc.l B; is strictly hc:t~n 0 cd 1, we haft

S~ < 821 lIS the fint ardc:r c:.azaditions cannot be met fi:lr both newerks at the
same quality.•
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3.1.3 Equilibrium quality of intercoDn.actioll

Propc.wition 1 does lIot establish that &zJ iucteuc in the size oflIe~k 1 will
k:ad to a decrease in quality. Indeed, it; leaves~ the possibility that an
increase in a1 would. inc:rease both Bi and e;, with 0i < 8;, F1U'thc:rmot'e.
w-e have: not sacplieitly described the w~y in which quality is he d.etermined
wh~ lhr: t:., networks have aiffcrent ptefe:rTcd levels.

In CIrdcr toprcve tha.t an i~crea.sein aJ (and the: concurrent dec:ease in all)
cicc:reNCS Un: cpality of inter'ccnnection, ..ue develop two possi'ble scenarios
for its dctc::rmiDation.

Veto po....-r Oil qWl1ity We first usume that the quality is determined
'by the net'WllOrk that desires the smallest quality (this is a. natural .usu.mption
for a. marla=t in which a.ch of the of netwarks c&b unilater-.lly refuse tu invest
in the quality of the interf~. In this sen.., either cf the h,,~ networkli has
a veto po..... on any inqease in the quAlity of inten:onncction.

Under thelte circumstances, it is network l which will choose the qualit)· e
of intc:rccmnection. To sh~ that an increase in el} and the: corrcspunciiD:
decrease in 02 induce a decrease in equilibrium qu&1ity, it is sufficient tn sht)w
that tllt!: prc.ferrcd quality of net""'Cl[k 1 dec:reues when OI} increase:s- To see
this notic::e tha.t

_ '.!. 8 [al (l - Cll)(ellD +1- 011))
n (jOtl

- '1- 4a1 + 30; + Bnl(2 - .:JOt}).

When D - 1 this quantity is eq\~a.1 to 1 - 2CtJ < 0, When e- 0, it is equal to
1 - 401 + 30~, "Vobich is strictly negative (equal to -1/4) for 01 = 1/2 AJ'Ici
equal to 0 for a} = 1, and hence, 'by strict concavity, is also strictly ncglLtivc
fot' any 011 E [1/2,1). Therefore a~/aeaOl is nep.ti1.·c for 8 - 0 and 9 - I,
and hence, because it is linear in B, it is also negative far all (J e (0,1).

A Z'e&lIiCUing exactly simihtz to that of the proof of proposition 1 is then
s\lfiicient to prove that when al increascs, the Cluality preferred by netwr:arx 1
dec.ree.se.o;, which PfC""CI the following proposition.

Propoaitiou 2 11 the Cl[fl&Uhri'Um quuJiLy is et[Ua.l to the nn.clle~t pre/f':T'T'e4
crualu.!J "flAc net-works, the equilimvm rruality rUcnlUt:.I r.u al int."'I"'I!rASu.
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Proposition 3 If the equ.ilibrium. quality is dt:lcrmintd b1l bcrgaining be.
tween. tJr.e. net1JJrJrk!l, u"e ~quilibrium quaJi.ty deCT"f:ASe.f tU Ql inC:n45u.

(3)),l,){B) + '\1-'2(8) - 2c(8).

We haw

Therefore
d(V1{9) + ~(8» (8 + 1)

dB - Cl:IQ211 .

Because this quantity dec:re&lll:S when Cl:l increases (and. Q2 d.eaeases), the (J

tha.t maximizes (3) dr:r.reases when al mc:r~ases (a,m a.ppealing to the SllJf1e

~B.502:ling as in the proof of proposition 1).
We ha.ve therefore proved th= following proposition:

Network=! agree on quality A na.tural objection to propcsitioD. 2 is
that if the netwcrks ciis&gree OD thf# q,u&lity, they will bazogaiu over the: Cluality
of the interconnection, the .mallet ene, if nc:ce:ssary, subsidi2in:: the larger
one. We~ u.llSUJ'e aDout the impartance of this ugume:.at mthe case of the
Interz:,ct, where qu&1il-y is partly "noD-cantractible". However, even if it. can
be r:ontn.eted upon, an mcre&IiP. in a} lea.d.s to a. decrease in the qu.lity of
interconnee:tion.

The playt:s chocse thc quality tha.t maximises the sum of their p!'Ofits.
Hc:nce, they &glee on the: Ciua.lity 8 of interc:anneeticm that maximi~

3.2 Suppliers

We now tum to lhe study of the mCCZ2tivu to incre.ase the quality of inten:cn­
Uetctie:m in order tu Ulcn:a.se the wlue of the networks to suppliers of ller'Via:s.

Far this section, we assume that thl'! reveuue of a network is propartiCIDal to
the Dumber 01 "hits" OD its suppliers, th~t is to the number of usC's that
connect to them.



arc:

Consider: a supplier of S£rVice51 let: us call it Al on %ll!:twark 2. There will
be

n
-all
Tn

u..,~ who will C01U:Iect to A and get a u.tility of 1 (71122 users &:1! on net«Jork 2
and l/m. of those ha~ A as their fust choice).

Some usen will connect to A bet:&usc t.hc::ir favorite supplier is OIl net­
work 1, but they prefer to COJlDeet on-net to their sec:ond choice. There

1 n(X1Ct2
na2 )C CIt )C - = ---

m-I m-l
USc::rli wzmected to netwmk 2 whcse 5:st choice is connected to network 1 and.
..,ho haw A as their secczui choice. (na, users on ne:tvrcrk 2, a. propcrtion Cl'l
of those have their tint choice supplier on netwerk 1 and l/em - 1) of those
have A u their second choice). Among thove u:scr~, u111y thQlll:: far which
'IJ ~ 6 will connect to.4. Th~~ the total number of on-net W1enr who
connect to A as their second choice Us

naJa, :a: (1 - B).
17\-1

There are
ncrl mal - 1 ftQl (T'I'I.Q% - 1)
-- x = -~:--..;;...~.;.

Tn. 17\ - 1 m (m - 1)

users who conuec:t to A even though they arc clients of net-'''QZ'k 1, because A
is their first choic:s: ~ci their second choice is slso on net~k 2 (nol/m u-!tS
wLo are on network 1 and have A as their first choice, and a proportion~

(mo2 - l)/(m - 1) of thl)5e have their second choice on uet'WUrl< 2). These
11SC:rS have a utility of 8.

Fiz:l...uy, some 1aerS 3rC connected. 1t) network 1, and have their second
chniCf' on that net-mJc, hut still prefer to UlSC .4 because their \J is small
Thcrr. iU'r.

1&01 mal n ~
-- x --- x 8 = --alB
m m-I m-l

of tm-a (noll"" users are on ruet:-.rork 1 and hlLve .4 as their finst choice. a
proportion ff&DIl/{m - 1) of those who ha~ thei:r 5ea::lnd chaic:e an net9/'Ork
1, l'l.%I.d CUlly the-: users fCll' which 'IJ < 6 choose tu wzwecL oll-net).

STl.-a aN Tn - 1 wpplicn .,no af': candidaus to be the fGC.a~J c:boir.:a oJul)plier, aDd
"'UI2 - 1 of tIM", &R ftn lletwork :2.
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The: total number of hits Car e. supplier on net-..ork 2 will therefore be

flo 11Q1Clr2 (1 8) nOl(ma, - 1)... n 28
;:;;Q2 + m -1 - + m ('1' -1) ;;::-IQl

_ (n ) (m - l)Qz +mal 02(1- iJ) +Ql('m02 - 1) + ma~B)
m.m-1

n
""" ( ) (27'1l21122 + nlQ2 - 1 + OmCXt(Ul - 02» (4)

""' Yn - 1

con%l.ec:tions to A..
S:imll.uly, the number of hits for & supplier on netwcrk 1 will be (notbing

in the rea.sonia: 1ea.cUng to (4) depends 0%:1 the fact that network 2 is the
small.=st network)

n
, ) (2ma1Clr:2 +mal -1 +TnazB(Clr:2 - 0,3».

mm-l

Q/l + 02S(01 - al) ~ 02 + a lS(al - CIr:,),

&:ad the:n::fare 1IIe have proved the fol.lowing proposition:

Proposition 4 The number cf mu far a S!¥p'Plicr OTJ network 1 i.ll gruat:r
(smelly ~er if 9 < 1) than the ?tumbcr ,,/ hiLf jor (I lJupplier on net1Uork 2.

The total number of hit$; on network 2 ..ill be
TI.

( ) (2771010'2 + rna;, - 1+ Smal (011 - Q2)ma:r)
mm-l

110
2 (2TnQ]Q2 + ma2 - 1 + Bmal(crl - (2».

m-l

AIld similarly lb.e total nuMber of hits on network 1 isS

HI(B) = ~(2malQ2 +mal -1 + Bma2(a'Z - al».
m-1

Proposition 5 An i1LQ'eQ.!e ~ lAe~ of intm:01lllcrtiQll dan:r:uflJ the
t"tal,zumOer of hi.ts on nctwm 1 end inCT'l"..IUCJ tAe toW n~mber oj hiu tm

neLwork J.

CIt .aftices to prave that the ineqlAlity "D~ for 0 - 0 .Ild (-Jcly) (Dr' 0 = 1, whil;b
is imua.diatoe.

'It I.e ...y til chele by -utitoioft of th_ t_ farb'aula.e tkat tnt total "umber of bits Is
11\d.=d n, _ it .hcndd be.
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If the income of the D~tWDrlcs is proporticmal to the number of hits, net­
work 1 will pnd'er a lower quality. In fact, tbe 0 that me:cimizes the reve:D\1e
that network 1 derives from suppliers is 0, while the B that nwcimif.CS the:
revenue tha.t Det'lllOl'k 2 derives from suppliers is 1! (The result th30t Dp.twork 1
prefers B - 0 is perhaps extreme, &Zld is related to the fac;t that users are
1l.cVt:1' diSCl:'Ur&ged and, as a. consequence, the total number of hits is inde­
pendent of the CfUality of the intercaDDectioD, althou:h the users' utility is
not. NonetheJeu, it illustrates wdl the ~~al thrust of the ~rDeJ1t.)

We c&D interpret Hi (6) as the streDgth of the mceJStives of network 1 to
degrade quality. It depqds aD the size (')fth. B eudEcient in HleS),

01Q 2(02 - D1) = Cll{l - 01){1 - 201),

which is inc:rca.sing for a1 < 1/2 + ../3/6 = 0.19. For a. large: range of "Blues
of 01, the lar~ netwark 1, the :rt:&ter its incentives to de:rade the quality
of interconnection!

3.3 Conclusion

We n3o"" shOW'2l that the ue of .. ~tic:model of the demand fer Internet
serv1CftS le&ds to fundamentally difien:nt conclusions thaD thClSe obwraed
through tnP. simpl_t naive model of demand. A larr;e net.work hIlS In~
ince!ltives to upgrade the quality of interconnection with another LLtttwork.

We have stopped. sll.ort of a complete equilibriwD analysis in which the
incomes obta.iDed both from 5uppliex'S and users would lie .gr,;n:g&ted, be­
c:&usa the results ~uld be strlli~htfe,rward ~,,"ml. the an~is alrets.d.y done:
(whatt!YC:" the relati\'e ..-eights giveJJ to the utility cE users and the numbc of
bits on the: providus, netwark 1 WCIuld luLve i!1l;entivcs to de~ade quality).

Furthermore, we have no~ embec1ded the model in a. full eqlliUbrium
modd, but the int.rocluction of the e1em=ts explorted in this appendix would
only serve to reinfarc: the conclusion of our other appendix IIA model of
strat_pc hlt=net baelcbone intc:rconneetion": dozninant backbones de') pose
a. threat to c:emJlcctivityJ
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Appendix 6

WorldCom/MCI's Domination of the Internet Backbone Market


